Objectives: To conduct Japanese subgroup analyses of a randomized, global Phase II study of axitinib with and without dose titration in first-line metastatic renal cell carcinoma and to explore predictive factors for axitinib efficacy in first-line metastatic renal cell carcinoma. Methods: The data included 44 Japanese and 169 non-Japanese treatment-naïve patients with metastatic renal cell carcinoma. Patients received twice-daily axitinib 5 mg during a 4-week lead-in period. Patients who met the pre-defined randomization criteria were stratified by Eastern Cooperative Oncology Group performance status and randomly assigned (1:1) to axitinib or placebo titration. The primary endpoint was objective response rate; secondary endpoints included progression-free survival and safety. Predictive factors were analyzed using data from all patients. Results: The objective response rate (95% confidence interval) was 66% (50-80%) vs. 44% (36-52%) in Japanese and non-Japanese patients, respectively. At the primary analysis, median progression-free survival could not be estimated for Japanese patients, and was 27.6 months (95% confidence interval: 16.6-33.2) in an updated analysis. Hypertension, diarrhea, hand-foot syndrome, dysphonia, hypothyroidism and proteinuria were common adverse events in Japanese patients. Due to a small number of randomized patients, effects of axitinib dose titration could not sufficiently be confirmed among Japanese patients. The multivariate analysis identified time from 
Introduction
Axitinib, a potent and selective inhibitor of vascular endothelial growth factor receptors (VEGFR) 1, 2 and 3 (1), showed significant improvement in progression-free survival (PFS) over sorafenib in previously treated patients with metastatic renal cell carcinoma (mRCC) in the randomized Phase III AXIS trial (2) . Axitinib is approved for treatment of advanced second-line renal cell carcinoma (RCC) and administered at a starting dose of 5 mg twice daily (BID), which was the maximum tolerated dose determined in a Phase I dose-escalating study in patients with solid tumors (3) . Since axitinib plasma exposure is variable among individuals, dose titration is permitted to optimize drug exposure, based on patient tolerability. The population pharmacokinetic-pharmacodynamic analysis of pooled data from axitinib studies indicates a higher plasma exposure is associated with a higher response rate and longer survival in patients with mRCC (4) .
To prospectively evaluate the benefit of axitinib dose titration, a randomized Phase II study was conducted in treatment-naïve patients with mRCC (5) . The objective response rate (ORR) of 54% (95% confidence interval [CI] : 40-67%) in the axitinib-titration arm was significantly higher than the 34% (95% CI: 22-48%) in the placebo-titration arm (P = 0.019), supporting the clinical benefit of axitinib dose titration in a subset of patients. The study additionally showed clinical activity of axitinib in the treatment of first-line mRCC.
Efficacy and safety of axitinib in Japanese patients with previously treated mRCC has been evaluated in a limited number of clinical studies (6, 7) , warranting additional investigation. The aim of the current analysis was to assess the efficacy and safety of axitinib in Japanese vs. non-Japanese patients with first-line mRCC (5) . Additionally, potential predictive factors for PFS in first-line mRCC were explored using data from the overall population. To the best of our knowledge, this is the first report of such analyses in patients with first-line mRCC treated with axitinib.
Patients and methods
Details of this randomized, double-blind, placebo-controlled Phase II study of axitinib in patients with first-line mRCC, conducted in six countries, including Japan, have been previously reported (5) . In brief, patients received axitinib 5 mg BID during a 4-week lead-in period (cycle 1); those who met the randomization criteria ( Fig. 1 ) over 2 consecutive weeks were stratified by Eastern Cooperative Oncology Group performance status (ECOG PS) 0 vs. 1 and randomly assigned (1:1) to receive axitinib or placebo titration in 4-week cycles. Patients who did not meet the criteria continued on study (non-randomized arm). The primary endpoint was investigator-assessed ORR and secondary endpoints included PFS, overall survival (OS), safety and axitinib plasma pharmacokinetics. The study was performed with the approval of institutional review boards or independent ethics committees and in accordance with the Declaration of Helsinki, the International Conference on Harmonization Guidelines on Good Clinical Practice and applicable local regulatory requirements. Written informed consent was provided by each patient. This study is registered with ClinicalTrials. gov (NCT00835978). As detailed previously (5), patients aged ≥18 years with histologically confirmed mRCC with a component of clear-cell histology, at least one measureable disease, no prior systemic therapy for mRCC, ECOG PS 0 or 1, adequate organ function and baseline blood pressure (BP) ≤140/90 mmHg were eligible. Key exclusion criteria included concurrent use of more than two antihypertensive medications and brain/central nervous system metastasis. Starting on cycle 2 Day 1, randomized patients received axitinib 5 mg BID (open-label) plus axitinib 2 mg BID or placebo (blinded therapy). After ≥ 2 consecutive weeks at this dosage, patients who continued to meet the randomization criteria could have their dose increased to the maximum level of axitinib 5 mg BID plus axitinib 5 mg BID or placebo. If at any time patients experienced treatment-related toxicity, study treatment was interrupted or the dose reduced (blinded therapy first) (5) .
Radiographic tumor assessments were performed at baseline; weeks 8, 16 and 24; and every 12 weeks thereafter, according to Response Evaluation Criteria in Solid Tumors version 1.0. Safety was monitored throughout the study and adverse events (AEs) were graded according to the Common Terminology Criteria for AEs version 3.0. BP readings were taken in clinic and at home. Serial pharmacokinetic samples were collected in a subset of patients pre-dose and 0.5, 1, 2, 4 and 6 hours post-dose on cycle 1 Day 15 (prior to dose titration: 5 mg BID) and cycle 2 Day 15 (post-dose titration: 7 mg BID). Plasma axitinib concentrations were measured using a validated high-performance liquid chromatography with tandem mass spectrometry method (3) . Statistical analyses were previously described (5). Median PFS was estimated using the Kaplan-Meier method. Axitinib pharmacokinetic parameters were estimated using non-compartmental analyses. Exploratory analyses to assess predictive factors for PFS were conducted using Cox proportional hazard model, witheach variable evaluated in the univariate analysis with Wald test. The final model was constructed by a stepwise method with a 5% level of significance.
Results
Of the 213 patients enrolled, 44 were Japanese and 169 were nonJapanese. All Japanese patients were enrolled at sites in Japan. Compared with non-Japanese patients, a higher percentage of Japanese patients had ECOG PS 0, smaller tumor size at baseline and fewer metastatic sites as well as fewer lymph node and adrenal metastases (Table 1) . One Japanese and nine non-Japanese patients discontinued during the lead-in period. Following the lead-in period, 11 (25%) Japanese patients were randomly assigned to axitinib (n = 6) or placebo titration (n = 5) and the remaining 32 Japanese patients continued axitinib treatment in the non-randomized arm, whereas 50 and 51 non-Japanese patients were randomized to axitinib and placebo titration, respectively, and the remaining 59 patients to the nonrandomized arm (Fig. 2) . At the primary data cutoff date (12 October 2012), 48% of Japanese and 79% of non-Japanese patients discontinued treatment, mostly due to disease progression (Fig. 2) . AEs were the reason for treatment discontinuation in five (11%) Japanese and 15 (9%) non-Japanese patients. Median duration of treatment was longer in Japanese vs. non-Japanese patients, respectively, in the axitinib titration (604 vs. 409 days) and the non-randomized arms (618 vs. 365 days); however, a higher percentage of Japanese than nonJapanese patients, respectively, required dose reductions (axitinib titration: 50% vs. 14%; non-randomized: 50% vs. 39%) ( Table 2 ).
The median axitinib daily dose and relative dose intensity were lower in Japanese than non-Japanese patients.
Among Japanese patients, overall ORR was 66% (95% CI: 50-80%) and axitinib titration resulted in a numerically higher ORR compared with placebo titration (67% vs. 40%, respectively). Among non-Japanese patients, overall ORR was 44% (95% CI: 36-52%), favoring axitinib titration over placebo titration (52% vs. 33%, respectively). In the non-randomized arm, ORR in Japanese and non-Japanese patients (72% vs. 53%, respectively) was similar to the corresponding axitinib-titration arm ( Table 3 ). The mean percentage of tumor shrinkage in the axitinib-titration arm was numerically larger in Japanese than non-Japanese patients, whereas those in the placebo titration and non-randomized arms were similar (Table 4 ). In the overall population, the mean percentage change from baseline in tumor size was −34.7%, −26.2% and −42.7% in the axitinib titration, placebo titration and non-randomized arm, respectively. Twenty-nine Japanese patients (4 in the axitinib titration, 2 in the placebo titration and 23 in the non-randomized arm) achieved a ≥30% decrease in tumor size (Fig. 3) .
At the time of the primary endpoint analysis, median PFS could not be estimated for Japanese patients (95% CI: 16.6 months to not estimable) since only 18 events had occurred, compared with 12.2 months (95% CI: 10.1-16.4 months) among non-Japanese patients (Fig. 4A ). In the updated analysis (data cutoff date, 17 May 2013) conducted in Japanese patients only, 23 patients had events and median PFS was 27.6 months (95% CI: 16.6-33.2 months; Fig. 4B ). OS data were not mature in Japanese patients at the primary or follow-up analyses (12 of 44 patients died).
Hypertension and diarrhea were the most common all-causality AEs in both Japanese and non-Japanese patients ( Table 5 ). The nature of common AEs was generally similar between Japanese and non-Japanese patients, but incidence rates of some AEs, including hypertension, hand-foot syndrome, dysphonia, hypothyroidism and proteinuria, were higher in Japanese patients and more Japanese than non-Japanese patients, respectively, received antihypertensive (95% vs. 64%) and hypothyroidism (64% vs. 32%) medications. Among Japanese patients, hypothyroidism and Axitinib titration Non-randomized d n = 44 n = 6 n = 5 n = 32 n = 169 n = 50 n = 51 n = 59
Change from baseline in sum of tumor diameter for target lesion (%) Mean −40. decreased appetite were more common with axitinib titration vs. placebo titration, whereas dysphonia, proteinuria and headache were more common in the placebo-titration vs. axitinib-titration arms ( Table 6 ). The range for the maximum observed plasma concentration (C max ) and area under the plasma concentration-time curve from time zero to last time of measurable concentration (AUC last ) of axitinib on cycle 1 Day 15 (i.e. at steady-state prior to dose titration) in Japanese patients generally overlapped with those in non-Japanese patients (Fig. 5) . Dose titration from 5 mg BID to 7 mg BID generally resulted in increased axitinib plasma exposure (Fig. 6) . The median C max and AUC last , respectively, in 10 patients, including two Japanese, increased from 40.8 ng/ml and 101 ng·h/ml before the dose titration to 48.3 ng/ml and 136 ng·h/ml following the dose titration. Based on the limited patient data, axitinib pharmacokinetic parameters for Japanese patients were within the range of those for non-Japanese patients.
Univariate analysis of the data in the overall population identified a significant (P ≤ 0.05) association between PFS and Asian ethnicity, ECOG PS, numbers and site (lung plus others vs. lung only) of metastasis, time from histopathological diagnosis to treatment, sum of the longest diameter for target lesion (tumor size), presence of de novo metastasis at initial diagnosis and baseline hemoglobin (Table 7 ). In the multivariate analysis, time from histopathological diagnosis to treatment <1 year or sum of the longest diameter for target lesion greater than median (89 mm) at baseline remained significantly associated with shorter PFS (Table 7) . In an additional univariate analysis to evaluate the effect of individual metastatic sites, results showed presence of baseline lymph node, liver and bone metastases to be potential predictors for PFS (Table 8) . However, baseline lactate dehydrogenase and hemoglobin levels were found not to be substantially different between patients with or without lymph node, liver or bone metastases (Table S1 ).
Discussion
Subgroup analyses of the data from the randomized Phase II study showed that axitinib has anti-tumor activity in first-line mRCC in Japanese patients. The ORR in the axitinib-titration arm was higher than that in the placebo-titration arm among Japanese patients, consistent with the results of the overall population (5). Furthermore, axitinib treatment resulted in higher ORR and longer median PFS (>2 years) in Japanese patients compared with non-Japanese patients, which might have been due, at least in part, to a higher percentage of Japanese patients with more favorable baseline clinical characteristics (ECOG PS 0, one site of metastasis, smaller baseline tumor size and fewer lymph node or liver metastases). Axitinib plasma pharmacokinetics do not appear to contribute substantially to the differences in clinical outcomes since C max and AUC last were generally comparable between Japanese and non-Japanese patients in this study, which is in agreement with previous findings from Phase I studies of axitinib (8) (9) (10) . The comparable pharmacokinetics between Japanese and non-Japanese patients observed for axitinib in this study are similar to the results reported for other VEGFRtyrosine kinase inhibitors (TKIs), sunitinib, sorafenib and pazopanib (11) (12) (13) . In the absence of any major racial/ethnic differences in axitinib pharmacokinetics, other patient factors and/or clinical practice would have accounted for the better clinical outcome in Japanese than non-Japanese patients. In this study, fewer Japanese than nonJapanese patients, respectively, were assigned to titration arms (25% vs. 60%) because more Japanese than non-Japanese patients, Reported by ≥20% of either Japanese or non-Japanese patients.
b ≥20% higher in Japanese than non-Japanese patients. Additionally, despite meeting randomization criteria, more Japanese than non-Japanese patients (30% vs. 19%, respectively) were not randomized, at investigator's discretion, for reasons such as presence of multiple AEs. While cross-study comparisons need to be interpreted with caution, median PFS of 27.6 months in axitinib-treated Japanese patients was almost twice as long as the 12.2 months reported in treatmentnaïve Japanese patients treated with sunitinib (14) , and longer than those treated with other anti-angiogenic inhibitors in first-or secondline mRCC (15) (16) (17) (18) (19) (20) . The results of the current study, therefore, generate a hypothesis for potential therapeutic use of axitinib in Japanese patients with first-line mRCC. It should be noted that in a randomized Phase III study of axitinib in treatment-naïve patients with mRCC (one-quarter of whom were Asian), the difference in the primary endpoint of PFS between axitinib and sorafenib did not reach statistical significance in the overall population (median PFS: 10.1 vs. 6.5 months; hazard ratio 0.77 [95% CI: 0.56-1.05]; one-sided P = 0.038), but median PFS was significantly longer with axitinib than sorafenib in patients with ECOG PS 0 (13.7 vs. 6.6 months; hazard ratio 0.64 [95% CI: 0.42-0.99]; one-sided P = 0.022) (21) .
Axitinib was reasonably well tolerated, as evidenced by treatment discontinuation due to AEs in 11% and 9% of Japanese and non-Japanese patients, respectively. Common AEs with axitinib, known class effects of antiangiogenic TKIs (18) (19) (20) , were generally similar between Japanese and non-Japanese patients and were manageable. However, the incidence of several AEs (hypertension, hand-foot syndrome, dysphonia, hypothyroidism and proteinuria) was higher in Japanese patients. Differences in the frequency of some AEs between Asian and non-Asian patients have been described for other antiangiogenic TKIs (15, (22) (23) (24) (25) (26) , which might partly be explained by differences in genetic background (27, 28) .
Although the number of Japanese patients in each randomized arm was too small to draw any meaningful conclusion, no major differences in the safety profile were noted between the axitinib-and placebo-titration arms. The common AEs in Japanese patients in this first-line mRCC study were comparable to those reported in the second-line setting (6, 7) .
Based on the favorable efficacy results observed in Japanese patients, exploratory analyses were performed to investigate baseline patient characteristics that may be predictive for PFS in the overall population. Several factors (e.g. prior therapy, ECOG PS, hemoglobin level) have been identified as risk factors for PFS and/or OS in patients with second-line mRCC treated with axitinib (4, 29) , but there has been no report of similar analyses in first-line mRCC. In univariate analyses using data from 213 treatment-naïve patients in this study, several patient baseline characteristics were found to be significantly (P < 0.05) associated with median PFS. In the multivariate analysis, time from histopathological diagnosis to treatment and baseline tumor size remained as independent predictive factors. Incidentally, another multivariate analysis of pooled data in patients with mRCC (74% of whom were treatment-naïve) treated with sunitinib identified time from diagnosis to treatment as one of the independent predictors for PFS (30) . In an additional univariate analysis for individual metastatic sites in the current study, significantly shorter PFS was observed in patients with lymph node, liver or bone metastasis. However, interestingly, no significant difference was found in baseline levels of lactate dehydrogenase or hemoglobin, which are other prognostic factors used in the Memorial Sloan-Kettering Cancer Center (MSKCC) risk scoring system, between patients with and without lymph node, liver or bone metastasis. In this study, calcium concentrations were not measured; hence, the limitation of the analyses was that MSKCC or Heng risk factors (31) could not be included. The factors identified for PFS mostly coincide with baseline characteristics that were significantly different between Japanese and non-Japanese patients, and might explain the better clinical outcomes in Japanese patients. Therefore, the current analyses would help identify patients who would likely or unlikely benefit from axitinib treatment, not only for Japanese patients, but also non-Japanese patients.
In conclusion, axitinib was effective and well tolerated in Japanese patients with previously untreated mRCC. The time from histopathological diagnosis to treatment and baseline tumor size were found to be associated with axitinib efficacy in first-line treatment of mRCC. The predictive factors for PFS identified in the current analyses warrant further investigation.
Supplementary data
Supplementary data are available at http://www.jjco.oxfordjournals.org.
